From the nuclear binding energies given by Wapstra, the pairing energies of identical nucleons have been computed and found to be expressed in the form (22.3±5.5) (2j+1)/A Mev for the eveneven nuclei with mass number A, and pairs in a definite j-shell. By using the computed values of the pairing energy for the even-even and odd A nuclei and assuming the zero range force, we have found the inter-nucleon Potential to be V•J=-570x0 3 [1+ (0.16±0.15)0"i"O"j]D(ri-rj) Mev, where r0 is the nucleon radius.
§ I. Introduction
The nuclear shell model has had a considerable success in the explanation of thespin values and parities of the medium and heavy weight nuclei by introducing the pairing ~nergy: 1 l Furthermore, this pairing energy leads t:o a satisfactory understanding for the difference of the /1-stability looked between the even and odd A nuclei. The pairing energy is estimated as the difference: the binding energy of the second neutron (or proton,. excepting the contribution from the Coulomb repulsion) minqs that of the first . neutron (or proton) in the case when two neutrons (or protons) are successively added to the nucleu~ with even neutron (or proton) number. 2 l · · . Recently, Wapstra 3 l and Huizenga 4 l have computed the binding energies of many ·mu:lei from the Q values of nuclear reaction, the nuclear disintegration energies and the mass spectroscopic data. It is possible, therefore, to calculate the pairing energies for more nuclei than such calculations have been made in the past,ll.Sl by using these values of' the binding energy, and to find the dependence of the pairing energy on the nuclear properties and the state occupied by the pair.
For the even-even nuclei, assuming the nuclear force of zero range, Mayer!l ha5· theoretically estimated the pairing energy·~ according to the j ~ j coupling scheme and has found it proportional to (2j+ 1) /A when the nuclear mass number is A and the pair is in a definite j-shell, and the proportional coefficient was suggested to be about 12.5 Mev.~
In § 2, we examine the dep~ndence of the pairing ~nergy for the even-even nucleus on the nuclear mass, the kind of the particles which compose the pair, the state occupied by the pair and also examine Mayer's ~form critically, by using the pairing energies. computed form Wapstra's data. From the pairing ene~gies for the even-even nuclei, we are able to estimate the strength of the singlet nuclear force only ; such an estimation is made in § 2.
From the results calculated by using W apstra' s binding energy data, it is found that the pairing energy for the odd A nucleus is systematically smaller than that for the even-even nucleus by factor 1/2 to 2/3 when the pair is in the same shell and their masses are close to one another. This difference between two kinds of the pairing energy may depend on the character of the neutron-proton force.
In § 3, we estimate the strength of the neutron-proton interaction from this difference and the strength of the nuclear force for the triplet spin state on the assumption of charge independence. :to the neutron and proton pairs, respectively. For the nuclei wi~h mass number A larger than 120, the calculations of the pairing energies are not carried out, because there are (;onsiderably large errors in their binding energies and hence it is not possible to estimate the pairing energies with the satisfactory accuracy for the present investigation. In Fig * The integral factor in (2·4) may decrease with increasing nuclear mass for any familiar nuclear potential. However, though the masses of the nuclei which have the last pair in the shell 1d 3/2 or 1{5/2, etc., are larger than those of the nuclei which have the last pair in the shell 1d 5/2 or 1{7/2, etc., the pairing energies for the former are generally higher than those for the latter as seen from Fig. 1 . Therefore, the pairing energy of the pair in the shell j=l-1/2 may be appreciably higher than that of the pair in the shell j 1 =l+1/2 for the nuclei with the same mass. ** The 5 points-belonging to 2p 1/2 and 1{5/2 ar.e so far away from the other points that they cannot be plotted in Fig. 2 , and hence these points are omitted in the estimation of the mean value.
Mev. Thus we get 22 . .3 ± 5.5 Mev for the most suitable proportional coefficient of E;airto (2j + 1) /A. The curve corresponding to this proportional coefficient is shown as (b) in Fig. 1 .
To .estimate the variance of the integral factor in (2·4) for the various nuclei, we calculate this integral in the case when the nuclear potential is a central harmonic oscillator well. A detailed account of the radial oscillator well function is to be found in the thesis of Talmi. 9 > In the manner 2 > that the mean value (T 2 )nt of T 2 for the particle in the last shell j is approximately replaced by the square of the nuclear radius, R'!, we calculated this integral for the various n, I values, referring to 
where Pa represents the spin exchange operator (1 +<i1 • G 3 ) /2, and Ve and V, are the force strength for the triplet and singlet spin states, respectively. When even number of the identical particles couple to a zero total spin and odd number of the particles couple to. j of the shell occupied by these particles, the interaction energy of such a group cif the identical nucleons gives for both E;air{nJ and E;air{p)Sl . . 
where R ( n, l, j ; r) is the radial wave function of the particle in the shell j. For the nuclei in the region of A< 120, the values of E;._1• calculated from the Wapstra's binding energy data are listed in Table I , and the values of E;air/ (2j+ 1) are graphically shown as a function of A in Fig. 1 by solid and open circles, The values of AE;a;r/Cnz (2j+ 1) are shown against A in Fig. 3 , corresponding to each point in Fig. 2 and using the values of Cnz in Table II . From Fig. 3 , it is seen that a) bulk of the points distribute in a region from 9 Mev to 20 Mev, and the mean value, with the mean error, is estimated to be 14.2±3.1 Mev; b) there is a tendency that AE;air/ Cnz (2j + 1) values increase slowly with increasing A; c) the points belonging to the shell j = l-1/2 distribute in the higher place than those belonging to the shell j 1 =l + 1/2, separating from one another.
Thus we get for the most probable value of the strength V8 of the force for the singlet spin state Vs=-(14.2 ± 3.1) X ~7rr0 3 Mev (2·7) from the pamng energies for the even-even nuclei. The fact mentioned m b) may show that the internucleon potential and the nuclear potential deviate from the a function type and the oscillator well, respectively. From the fact mentioned in c), it seems that the spin-orbit coupling for the nuclear particle makes some contribution to the integral in (2. 4)' and hence that cnl depends not only on n and l but also on j' for the singlet force strength V. which is proportional to A Epa;./ Cn~ (2j + 1) with the constant factor probably does not depend on j. § 3.
Internucleon potential
Let us consider now the difference between the pairing energies for the even-even and odd A nuclei. The pairing energy E;air(n) of the next neutron pair to the odd-even nucleus with n-1 neutrons in the shell j,. is given, as in (2 ·1),
p and n odd.
Thus, subtracting (3 ·1) from the pamng energy (2 ·1) for the even-even nucleus with n -1 neutrons and p ± 1 protons (replacing n ~ n-1, p ~ p ± 1 in ( 2 · 1) ) , the difference .d,.(n-1, p±1) between these two pairing energies becomes
This expression is also concluded in the case when the neutron number of the odd-even nucleus is not equal to · that of the even-even nucleus and the proton numbers differ by two or more from one another, since the former three terms in (2 ·1) and (3 ·1) are reduced to the same expression indifferently to the neutron n~ber in the shell jn, as seen from ( 2 · 4) , and E;air(n) does not depend on the proton number of the even-even nucleus.
Using th~ expression for [p, n] given by Schwartz 6 > and denoting .d,. (n-1, p±1) as .dn in short by means of the above reason, we have, when the interaction between proton and neutron is of the type (2 · 3), where
(3 · 4c) Table III . d., and dp adculated from Wapstra's binding energy data, The elements in the ·first column are the odd-odd nut:lei which have one more neutron or proton than the odd A nuclei in question, and their spin are shown in the second column. The configurations in the 5th and last columns show the last neutron and proton shells of the odd-odd nuclei, respectively. ;: and he has found the values of a for several odd nuclei through the consideration of 'their spin. His results are listed in Table IV . As seen from a comparison between 
